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[57] ABSTRACT

Three coil electrode patterns are formed on one surface
of a plate containing of a dielectric material. These coil
electrode patterns are formed in loop shape, and are
disposed in a magnetically connecting state with respect
to each other. An input/output terminal pattern and an
earth terminal pattern are drawn out from each of the
two coll electrode patterns which are disposed toward
the end portions of the plate. The input/output terminal
pattern and the earth terminal pattern are disposed at a
distance for each other so as to provide a predetermined
impedance. An earth electrode pattern is drawn out
from the center coil electrode pattern. An earth elec-
trode pattern is formed opposite the coil electrode pat-
terns with the plate between them. Earth terminal pat-
terns are formed to the earth electrode pattern. The
earth terminal patterns of the earth electrode pattern are
connected to the earth terminal patterns of the coil
electrode patterns. A trimming electrode may be
formed for adjusting the passing band frequency of the
band-pass filter optionally.

11 Claims, 19 Drawing Sheets
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BAND-PASS FILTER HAVING THREE OR MORE
LOOP-SHAPED ELECTRODES

This is a continuation of application Ser. No.
07/832,786 filed on Feb. 7, 1992 (abandoned).

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a dielectric-laminate
type band-pass filter for use in a portable radio and the

like at a the frequency of several hundred MHz to sev-
eral GHz.

2. Description of the Prior Art

Conventional resonators may be divided roughly into
the resonator using a strip line and the resonator using a
coil pattern. When producing a band-pass filter by using
such resonators, the band-pass filter is so constructed
that plural resonators are connected magnetically.

Here, as the resonator using the strip line, there is a
resonator of 3 wavelength whose line is open at both
ends as shown in FIG. 23, and a resonator of 3 wave-
length whose line is open at one end and short-circuited
at the other end as shown in FIG. 24.

Meanwhile, as the resonator using the coil pattern, as
shown in FIG. 2§, there is the one in which a spiral-
shaped coil pattern 201 and an earth pattern 203 are
formed on both sides of a dielectric layer 202 which is
clamped therebetween.

In the band-pass filter using the above-mentioned
conventional resonators, however, such problems as
shown hereinafter were encountered respectively.

1 Band-Pass Filter Using The Strip Line

(a) A resonator having the resonance frequency of 2
to 3 GHz becomes substantially large. In particular, if
the band-pass filter has a construction in which plural
resonators are connected, it becomes considerably
large. This is due to the following reasons.

That is, lengths L1, L1 of the strip line are deter-
mined as shown in Equation 1 (resonator of 3 wave-
length) and Equation 2 (resonator of 3 wavelength).

4 r x < Eauason 1
€

Ly =%1 X _\Il_ Equation 2
€

Where, A; wavelength, ¢; dielectric constant of dielec-
tric-laminate sheet.
Hereupon, at present, a dielectric constant of a dielec-

tric-laminate sheet which is capable of being co-fired

with silver or copper and has a good temperature char-
acteristic can not be made so large, about €~ 10. Thus,
in the above Equations 1 and 2, when €=10, Lip=15.8
mm and L11=7.9 mm, which are very long, thus result-
ing in a large resonator (band-pass filter) as stated
above.

(b) In the band-pass filter, it is desirable to adjust
input/output impedances depending on the apparatus
into which it is incorporated (to adjust the matching of
the impedances of the band-pass filter and the appara-
tus). However, in case of the strip-line type, since input-
/output 1mpedances have specific values for every strip
line, it is impossible to adjust the matching even when
the take-out position from the strip line is changed.
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2 Band-Pass Filter Using The Coil-Pattern

Since the coil pattern has a spiral shape, magnetic
fluxes interact and influences one another between the
adjoining patterns, thus an electric current flow is diffi-
cult to obtain. Therefore, a substantial resistance in-
creases and Q becomes lower.

For example, in FIG. 25, since the electric current
flows in a same direction (both in the direction D in
FIG. 25) in a pattern piece 201¢ and a pattern piece
201b, the corresponding magnetic fields cancel each
other and cause the magnetic flux to become coarse,
and consequently, electric current flow is disturbed and
the substantial resistance increases.

A further problem is that an insertion loss of the
band-pass filter becomes larger when Q is reduced.

The passing band frequency of the band-pass filter
depends on the resonance frequencies of the resonators.
The resonance frequencies of the resonators are decided
by the dimensions of strip lines or coil-patterns, so once
these patterns are formed, the resonance frequencies
can not be adjusted. Therefore, when the dimensions of
the patterns are in error, the passing band frequency of
the band-pass filter is shifted from a predetermined
desired value, resulting in an inferior device.

SUMMARY OF THE INVENTION

‘The present invention has been devised in view of
such present circumstances, and herefore, it is an object
thereof to provide a band-pass filter which has a high Q
and a low insertion loss , and moreover, wherein the
filter size can be minimized, and wherein the input/out-
put impedances and the center frequency of the pass
band can be adjusted optionally.

The present invention is directed to a band-pass filter
comprising, three or more first electrodes formed in a
loop shape and disposed in a magnetically connecting
state with each other; a second electrode formed in a
plane shape opposite the first electrodes with a plate
consisting of a dielectric material between the first elec-
trodes and the second electrode; an earth terminal
drawn out from each of the first electrodes toward an
end portion of the plate; an input/output a take-out
terminal drawn out from the first and last of the first
electrodes toward the end portion of the plate, at a
distance from the earth terminal so as to provide a pre-
determined impedance; and another earth terminal
drawn out from the second electrode toward the end
portion of the plate.

In regard to the band-pass filter, the two second elec-
trodes may be formed on the both sides of the first
electrodes with dielectric plates between the first elec-
trodes and the second electrodes.

In regard to the band-pass filter, at least one of the
second electrodes may be divided into three or more
and have a somewhat larger size than the first elec-
trodes but similar in shape, and the other earth terminals
are drawn out respectively from the electrodes which
are divided into three or more toward an end portion of
the plates.

In regard to the band-pass filter , between the first
electrodes and at least one of the second electrodes,
third electrodes having a same shape as the first elec-
trodes may be formed.

In regard to the band-pass filter, trimming electrodes
in a loop shape or a part of loop shape may be formed
at a distance from the second electrode opposite the
second electrode with the plate between the trimming
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electrodes and the second electrode, and are connected
to the first electrodes. |

In regard to the band-pass filter, plural trimming
electrodes may be formed in a strip shape at an inner
part of the second electrode, and connected to the sec- 5
ond electrode.

When it is constructed as stated above, because it is a
so-called strip-line construction in which the first elec-

trodes and the second electrodes are positioned on op-
posite sides, and because pattern pieces of the first elec-

trodes are not adjacent to each other as in the conven-
tional spiral-shaped coil pattern, Q is improved remark-
ably and an insertion loss is reduced, improving skirting
characteristics.

Moreover, since the first electrodes have a loop
shape, the element size becomes smaller. In addition,
since the impedance can be adjusted by just changing a
distance between the input/output terminal and the
earth terminal of the first electrodes, it is very simple to
adjust the impedance.

The floating capacitance between the trimming elec-
trodes and the second electrode is changed by trimming
the trimming electrodes which are connected to the first
electrodes, and the resonance frequency of each resona-
tor is also changed. The passing band frequency of the
band-pass filter is changed with the advance of chang-
ing of resonance frequency.

The magnetic field shielding effect is changed by
cutting the trimming electrodes formed at the inner part
of the second electrode . Hence , the magnetic field of 30
each resonators is changed, and the resonating fre-
quency is thereby changed. And the passing band fre-
quency of the band-pass filter is also changed.

In these respects, the invention has an effect of pro-
viding a very excellent small-sized band-pass filter
whose insertion loss is small and input/output imped-
ances and passing band frequency can be adjusted op-
tionally.

The above and further objects, features and advan-
tages of the present invention will be more fully appar-
ent from the following detailed description of the em-
bodiments with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of a band-pass filter according
to a first example of the present invention.

FIG. 2 1s an exploded perspective view of the band-
pass filter according to the first example of the present
invention.

FI1G. 3 1s a plan view of a dielectric sheet used in the 50
present mvention.

F1G. 4 1s a plan view showing a state where coil
“electrode patterns are formed on the dielectric sheet of
FIG. 3.

FIG. 3 1s a plan view showing a state where an earth 55
electrode pattern is formed on the dielectric sheet of
FIG. 3. .

FIG. 6 is a side view when the dielectric sheets are
laminated.

FIG. 7 is a front view when the dielectric sheets are 60
laminated.

FIG. 8 is a front view when a laminate is pressed.

FIG. 9 1s a front view when external electrodes are
formed.

FIG. 10 is an equivalent circuit diagram of the band- 65
pass filter shown in FIG. 1.

F1G. 11 is a graph showing frequency characteristics
of the band pass filter shown in FIG. 1.
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FIG. 12 is an exploded perspective view of a band-
pass filter according to a second example of the present
invention.

FIG. 13 is a graph showing frequency characteristics
of the band-pass filter shown in FIG. 12.

FIG. 14 is an exploded perspective view of a band-
pass filter according to a third example of the present
invention.

FIG. 15 is a plan view of essential portions of the
band-pass filter according to the third example of the

present 1mvention.

FIG. 16 1s an exploded perspective view of a band-
pass filter according to a fourth example of the present
invention.

FIG. 17 is an exploded perspective view of a band-
pass filter according to a fifth example of the present
invention.

FIG. 181s a plan view showing a modified example of
the band-pass filter of FIG. 17.

FIG. 19 is an exploded perspective view of a band-
pass filter according to a sixth example of the present
invention.

FIG. 20 1s a plan view showing a pattern of cutting
trimming electrodes of the band-pass filter of FIG. 19.

FIG. 21 1s a plan view of essential portions showing a
modified example of a band-pass filter of the present
invention.

FIG. 22 is a plan view of essential portions showing
another modified example of a band-pass filter of the
present invention.

FIG. 23 is an explanatory view showing an example
of a conventional strip-line type dielectric resonator.

FIG. 24 1s an explanatory view showing another
example of a conventional strip-line type dielectric reso-
nator.

FIG. 25 is an explanatory view showing an example
of a conventional coil-pattern type dielectric resonator.

FIG. 26 is an exploded perspective view of a band-
pass filter according to an additional embodiment of the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Example

- A first example of the present invention is described
in the following with reference to FIG. 1 through FIG.
11. F1G. 1 and FIG. 2 are views showing a construction
of a band-pass filter according to the first example of the
present mvention, wherein FIG. 1 is a plan view and
FIG. 2 is an exploded perspective view, FIG. 3 is a plan
view of a dielectric sheet used in the present invention,
FIG. 4 is a plan view showing a state where coil elec-
trode patterns are formed on the dielectric sheet of
F1G. 3, FIG. 5 is a plan view showing a state where an
earth electrode pattern is formed on the dielectric sheet
of FIG. 3, FIG. 6 and FIG. 7 are views when the dielec-
tric sheets are laminated, wherein FIG. 6 is a side view
and FIG. 7 1s a front view, FIG. 8 is a front view when
a laminate is pressed, FIG. 9 is a front view when exter-
nal electrodes are formed, FIG. 10 is an equivalent
circuit diagram of the band-pass filter and FIG. 11 is a
graph showing frequency characteristics of the band-
pass filter.

As shown in FIG. 2, the band-pass filter of the pres-
ent mmvention comprises, a dielectric layer 1 consisting
of plural dielectric sheets 101 . . . and protective layers
2, 3 provided on upper and lower sides of the dielectric
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layer 1. On one surface 101g of the top dielectric sheet
101, three coil electrode patterns (first electrodes) 41, 42
and 43 are formed. These are fired and integrated with
one another.

A specific construction of the coil electrode pattern 5
41 1s such that, pattern pieces 41z and 415 which are
linear and disposed on the opposite sides are connected
via a linear pattern piece 41¢ which is connected to
respective ends of the pattern pieces 41a, 415, and on
the other end of the pattern piece 4154, a pattern piece 10
41d 1s formed which is extended toward the pattern
piece 41a so as to be parallel to the pattern piece 41c.

Here, 1t is so constructed that a total length L3 of the
coil electrode pattern 41 becomes the length shown in

Equation 3. 15
1 1 Equation 3
Ly==—AX
* 7 Ne
Where, A; wavelength, €; dielectric constant. 20

It 1s desirable that a distance L between the pattern
piece 41d and the pattern piece 41a ( refer to FIG. 1) is
equal to or less than a width L; of the pattern piece 41q

the width pattern piece 41b, pattern piece 41c, and
pattern piece 414 is also the same as the width 1;). In 25
the following examples, a distance between the pattern
pieces 41a and 414 is called a gap 30.

The coil electrode patterns 42, 43 have substantially
the same shape as the coil electrode pattern 41 having
the aforesaid construction. However, they are different 30
in point that, gaps 31, 32 (constructed with the same
length as the gap 30) are formed respectively between
the pattern pieces 424 and 42¢ and between the pattern
pieces 43a and 43c.

The pattern pieces 41d, 43¢ of the coil electrode pat- 35
terns 41, 43 and the pattern pieces 42¢, 43d of the coil
electrode patterns 42, 43 are disposed in an adjoining
fashion with each other, and are respectively connected
magnetically.

To the coil electrode patterns 41, 42, earth terminal 40
patterns 6z and 65 and input/output terminal patterns 7a
and 7b are connected respectively, and end portions of
the earth terminal patterns 64, 6b and the take-out termi-
nal patterns 7a, 7b are extended to a side face A of the
band-pass filter. To the coil electrode pattern 43, an 45
earth terminal pattern 6c is connected, and an end por-
tion of the earth terminal pattern 6c is extended to the
side face A of the band-pass filter.

Next, an earth electrode pattern (second electrode) 5
is formed on a face 3z of the protective layer 3 on the 50
side of the dielectric layer 1, and is constituted substan-
tially throughout the face 3a such that the size of the
earth electrode pattern 5 becomes larger than a periph-
ery of the coil electrode patterns 41, 42 and 43. Also, at
positions on the face 3a corresponding to the earth 55
terminal patterns 6a, 65 and 6¢, earth terminal patterns
(other earth terminals) 8a, 86 and 8¢ whose one ends are
connected to the earth electrode pattern 5 and whose
other ends are extended to the side face A of the band-
pass filter are formed. And, the earth terminal pattern 60
62 and the earth terminal pattern 8a are connected to an
external earth electrode 9a, the earth terminal pattern
6b and the earth terminal pattern 86 are connected to an
external earth electrode 95 and the earth terminal pat-
tern 6¢ and the earth terminal pattern 8¢ are connected 65
to an external earth electrode 9¢. The input/output
terminal pattern 7q is connected to an external input-
/output electrode 10z and the input/output terminal

6

pattern 7b 1s connected to an external input/output
electrode 10b. The external earth electrodes 9g, 9b, 9¢
and the external input/output electrodes 10a, 105 are
formed on the side face of the band-pass filter to show
a U-shaped cross section.

Hereupon, the band-pass filter having the above-men-
tioned construction was produced by the following
procedures.

First, on one surface of a dielectric sheet 101 (about
several tens um thick) shown in FIG. 3, a copper paste
or the like is coated to form patterns (the same patterns
as the coil electrode patterns 41, 42, 43 and the terminal
patterns 6a, 6b, 6c, 7a, 7b) 12 as shown in FIG. 4. While,
in parallel thereto, on one surface of a protective sheet
11 having a same configuration as the dielectric sheet
101 (however, a thickness may be different), the copper
paste or the like is coated to form a pattern (same pat-
tern as the earth electrode pattern 5 and the earth termi-
nal patterns 8a, 85, 8¢) 13 as shown in FIG. 5.

Next, as shown in FIG. 6 and FIG. 7, a protective
sheet 2, a sheet layer 16 and the protective sheet 11 (a
same construction as the protective sheet 2) are lami-
nated such that the pattern 12 and the pattern 13 are
disposed on the opposite sides via the sheet layer 16
consisting of the dielectric sheets 101, and further are
pressed to produce a laminate 15. Hereinafter, at loca-
tions (the locations which serve as the external earth
electrodes 9a, 9b, 9c and the external input/output elec-
trodes 10a, 105) corresponding to exposed portions 174,
175, 17c, 18a, 18b, 19a, 19b, 19¢ of paste layers shown in
FIG. 8, the copper paste or the like is printed or coated
to produce paste layers 20a, 205, 20c, 212, and 215 as
shown in FIG. 9. Then, the dielectric sheets are inte-
grated by firing the laminate, thereby the band-pass
filter is produced. Here, the laminate may be fired by a
process separate from firing the paste layers 20q, 205,
20c¢, 21a and 2154.

Now, though no capacitor pattern is formed on the
band-pass filter which is produced in the above-men-
tioned manner, it has an equivalent circuit as shown in
FIG. 10 (in the figure, reference character M designates
a magnetic connection). This is due to two reasons
shown in the following.

(1) The coil electrode patterns 41, 42, 43 and the earth
electrode pattern 5 are at the same potential (that is, in
the earthed state).

(2) Since the dielectric layer 1 is interposed between
the coil electrode patterns 41, 42, 43 and the earth elec-
trode pattern 5, a floating capacitance is produced.

Since the capacitor formed in such a manner and
between the pattern pieces 414, 43¢ of the coil electrode
patterns 41, 43 and the pattern pieces 42c, 43d of the coil
electrode patterns 42, 43 are magnetically connected, it
has the equivalent circuit as shown in FIG. 10.

Since the above-mentioned floating capacitance is
mainly produced between the coil electrode patterns 41,
42, 43 and the earth electrode pattern 5, by bringing the
coil electrode patterns 41, 42, 43 and the earth electrode
pattern S close to or apart from one another, a capaci-
tance of the capacitor changes and it is possible to
change the frequency of the passing band. Specifically,
when the coil electrode patterns 41, 42, 43 and the earth
electrode pattern 5 are brought close one another (re-
ducing the thickness of the dielectric sheets 101), since
the capacitance of the capacitor increases, the passing
band frequency becomes lower, while when the coil
electrode patterns 41, 42, 43 and the earth electrode
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pattern 3 are brought apart from one another (increas-
ing the thickness of the dielectric sheets 101), since the
capacitance of the capacitor decreases, the passing band
frequency becomes higher. The floating capacitance
can also be changed by changing the dielectric constant
of the dielectric layer 1 or the size of the coil electrode
patterns 41, 42, 43. For example, when a width L of the
coll electrode patterns 41, 42, 43 is broadened, it can be

minimized because the floating capacitance becomes
larger and the passing band frequency can be lowered.

However, when distances between the pattern pieces
are too narrow, the waveform is deteriorated, so that it
is not desirable to unnecessarily broaden the width L, of
the coil electrode patterns 41, 42, 43.

Furthermore, a band width of the above-mentioned
band-pass filter is changed by changing a distance L
between the pattern pieces 41d and 43¢ or a distance L7
 between the pattern pieces 42¢ and 434. Specifically,
when the distance Lgor Lyis narrowed, the band width
becomes wider, while when the distance Lg or L7 is
broadened , the band width becomes narrower . How-
ever , it 15 not desirable to unnecessarily narrow the
distance Lg or L7 as it shows a double-humped charac-
teristic.

Input/output impedances are changed by changing a
distance Lg between the earth terminal pattern 6z and
the mput/output terminal pattern 7a, or a distance Lo
between the earth terminal pattern 66 and the mput-
/output terminal pattern 7b.

According to the experiment, by adjusting a dielec-
tric constant or thickness of the dielectric layer 1 or an
area of the coil electrode pattern 4, applicable frequen-
cies of the band-pass filter of the present invention
could be brought to a range of several hundred MHz to
several GHz . An example thereof is shown in the fol-
lowing experiment.

Experiment
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Frequency characteristics of the band-pass filter hav- -

ing the above-mentioned construction were examined,
and the result is shown in FIG. 11.

Other Respects

(1) In the case of installing the band-pass filter of the
present mnvention, it may be installed and soldered while
electrodes on a printed circuit board and the external
earth electrodes 9a, 95, 9¢ and the external input/output
electrodes 10a, 105 are positioned one another. At this
time, since outsides are covered with the protective
layers 2, 3, the coil electrode patterns 41, 42, 43 and the
earth electrode pattern 5 are protected from damages.

(2) As for the dielectric layer 1, it is not limited to the
construction where several thin dielectric sheets 101 are
laminated, but rather a single dielectric sheet which is
formed with a predetermined thickness beforehand may
be used.

(3) The band-pass filter of the present invention need
not be produced one by one, but rather it may be pro-
duced such that plural coil electrode patterns 41, 42, 43
are formed on a broad dielectric sheet, and the same
number of earth electrode patterns 5 are formed on the
similar dielectric sheet, and after laminating in that
state, cut apart one by one for firing.

Second Example

A second example of the present invention is de-
scribed in the following with reference to FIG. 12 and
FIG. 13. FIG. 12 is an exploded perspective view of a
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- band-pass filter according to the second example of the

present invention, and FIG. 13'is a graph showing fre-
quency characteristics of the band-pass filter shown in
FIG. 12.

As shown in FIG. 12, it has the same construction as
the first example, except that a pair of dielectric layers
1 and corresponding earth electrode pattern 5 are dis-

posed in order on both sides of the coil electrode pat-
terns 41, 42, 43.

EXPERIMENT

Frequency characteristics of the band-pass filter hav-
ing the above-mentioned construction were examined,
and the result is shown in FIG. 13.

As 18 obvious from FIG. 13, it is reckoned that the
passing band frequency is somewhat high.

This is believed to the be due to reason that a capaci-
tance of a capacitor of the band-pass filter increases,
because a floating capacitance is formed not only on one

side but rather on both sides of the coil electrode pat-
terns 41, 42, 43.

THIRD EXAMPLE

A third example of the present invention is described
in the following with reference to FIG. 14 and FIG. 15.
FIG. 14 and FIG. 15 are views showing a band-pass
filter according to the third example of the present
invention, wherein FIG. 14 is an exploded perspective
view and FIG. 15 is a plan view.

As shown in FIG. 14 and FIG. 15, it has the same
configuration as the band-pass filter shown in the
abovementioned second example, except that a shape of
one earth electrode pattern (the upper pattern in FIG.
14) 1s made different. Specifically, the earth electrode
pattern is divided into three pattern. Respective earth
electrode patterns 51, 52, 53 are formed with a size
larger than the coil electrode patterns 41, 42, 43, but
stmilarly shaped. The earth electrode patterns 51, 52, 53
have earth terminal patterns 8a, 85, 8c which are con-
nected respectively to the corresponding earth terminal
patterns of the earth electrode pattern 5.

By such a configuration, it is possible to simply adjust
the frequency, because the floating capacitance can be
adjusted just by cutting a portion (e.g. the portion
shown by two-dot chain line B in FIG. 15) of the earth
electrode patterns 51, 53 corresponding to the pattern
pieces 414, 43c.

Though the above-mentioned adjustment is also pos-
sible for the earth patterns of the first and second exam-
ples (which are formed extensively), when the fre-
quency 1s to be adjusted, the configuration of this exam-
ple 1s preferable, because the cut length that would be
required with the earth electrode patterns of the first
and second examples is long.

FOURTH EXAMPLE

A fourth example of the present invention is de-
scribed in the following with reference to FIG. 16. FIG.
16 1s an exploded perspective view of a band-pass filter
according to the fourth example of the present inven-

tion.

As shown in FIG. 16, it has the same configuration as
the band-pass filter shown in the second example, ex-
cept that floating electrode patterns (third electrodes)
35, 36, 37 having a same shape as the coil electrode
patterns 41, 42, 43 are formed on the dielectric sheet 101
adjacent to the dielectric sheet 101 whereon the coil
electrode patterns 41, 42, 43 are formed.
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Although not shown, it has been confirmed by exper-
iment that, by such a configuration the center frequency
of the passing band becomes much lower than the band-
pass filter shown in the second example.

This is believed to be due to increase in capacitance of 3

the capacitor of the band-pass filter, because a floating
capacitance is formed between the coil electrode pat-
terns 41, 42, 43 and the floating electrode patterns 35,
36, 37.

FIG. 26 shows a modification of the fourth example
of the invention. In this modified example, the earth
electrode pattern (second electrode) 5 formed on the
uppermost dielectric layer 1, as seen in FIG. 26, is
formed into three sections 51, 53, 52. Each of the sec-
tions 51, 53, 52 has a shape similar to that of an adjacent
first electrode 41, 43 or 42, but larger, in that the strip-
shaped material of which the second electrode sections
are formed has a greater width than the corresponding
material strips of the first electrodes. Respective second
earth terminals 8a, 8¢, 80 are drawn out respectively
from the second electrode sections 51, 53, 52, toward
the front edge of the dielectric plate 1 on which the
second electrode sections are formed. As in the other
forms of the invention, it is advantageous for the earth
terminals drawn out from corresponding first and sec-
ond electrodes to line up along a common edge of the
dielectric plates 1 on which they are formed.

FIFTH EXAMPLE

A fifth example of the present invention is described
in the following with reference to FIG. 17. FIG. 17 is an
exploded perspective view of a band-pass filter accord-
ing to the fifth example of the present invention.

In the band-pass filter of the fifth example, loop
shaped trimming electrodes 60, 62, 64 are formed be-
tween one earth electrode pattern (an upper pattern in
F1G. 17) and the protective layer 2. The trimming elec-
trodes 60, 62, 64 are disposed on the opposite side of
upper earth electrode pattern from the coil electrode
patterns 41, 42, 43 with the dielectric sheet 101 and the
earth electrode pattern 5 between them. Connecting
terminal patterns 66a, 665, 66¢ are formed respectively
to the trimming electrodes 60, 62, 64, and are connected
to the connecting terminal patterns 66a, 665, 66¢c which
are drawn out from the coil pattern electrodes 41, 42,
43. The connecting terminal pattern 66z of the trimming
electrode 60 is connected to the connecting terminal
pattern 66z of the coil electrode pattern 41 via a exter-
nal connecting electrode 68a. Similarly, the connecting
terminal patterns 66b, 66¢ of the trimming electrodes 62,
64 are connected to the connecting terminal patterns
665, 66¢ of the coil electrode patterns 42, 43 via a exter-
nal connecting electrodes 685, 68c.

In the band-pass filter of the fifth example, the float-
ing capacitance between the trimming electrodes 60, 62,
64 and the earth electrode pattern 5 is changed by trim-
ming the trimming electrodes 60, 62, 64 as shown by
one-dot chain lines in FIG. 17, for example with a laser
tnimming method. The passing band frequency of the
band-pass filter is also changed.

The shape of the trimming electrodes 60, 62, 64 is not
limited to the loop shape, the shape but rather, may be
a part of the loop shape as shown in FIG. 18. In the case
of using such shape, the floating capacitance is changed
by trimming, and the passing band frequency of the
band-pass filter is also changed.

10

15

20

25

30

35

40

43

50

35

60

65

10

SIXTH EXAMPLE

A sixth example of the present invention is described
in the following with reference to FIG. 19. FIG. 19 is an
exploded perspective view of a band-pass filter accord-
ing to the sixth example of the present invention.

In the band-pass filter of the sixth example, trimming
electrode groups 70, 72, 74 are formed in the interior of
One earth electrode pattern 5 (an upper pattern in FIG.
19). The trimming electrode group 70 includes band
shaped trimming electrodes 70a, 705, 70c. The trimming
electrodes 70a, 70b, 70c¢ are connected to the earth elec-
trode pattern 5. Similarly, the trimming electrode group
72 1ncludes plural trimming electrodes 72a, 725, 72c,
and the trimming electrode group 74 includes plural
trimming electrodes 74a, 74b, 74c.

In the band-pass filter of the sixth example, the shield
effect of magnetic field becomes lower by cutting the
trimming electrodes as shown in FIG. 20, for example
with a laser trimming method. This matter equals to the
growth of the magnetic field of each resonator, and the
passing band frequency of the band-pass filter is
changed. In this case , the changing rate of the passing

band frequency can be adjusted by changing the num-
ber of the trimming electrodes that are cut.

OTHER RESPECTS

(1) The construction of the coil electrode patterns 41,
42, 43, it is not limited to those shown in the above-men-
tioned various examples. For example, it may be a loop
shape as shown in FIG. 21 and FIG. 22.

(2) Positions where the input/output terminal pattern
and the earth terminal pattern are formed are not lim-
ited to the positions shown in the above-mentioned
examples. For example, the patterns 65, 76 of the coil
electrode pattern 42 may be drawn out to an end face C
(refer to FIG. 2).

(3) The number of coil electrode patterns is not lim-
ited to three, it may be four or more. In each case, both
input/output terminal patterns and the earth terminal
patterns are drawn out from the coil electrode patterns -
which are positioned at the ends, and only earth termi-
nal patterns are drawn out from the other coil electrode
patterns.

As described heretofore, according to the present
invention, because it has a so-called strip-line construc-
tion and that pattern pieces of the first electrodes are
not adjacent to each other, it is possible to improve Q
remarkably. As a result, an insertion loss of the band-
pass filter is reduced and a skirting characteristic is
improved .

Moreover, since the first electrodes are looped, the
size of the elements becomes smaller. In addition, it is
very easy to adjust the impedance, because it can be
adjusted just by changing a distance between the input-
/output terminal and the earth terminal of the first elec-
trodes.

Additionally, the passing band frequency of the pass-
band filter can be adjusted by trimming the trimming
electrodes which are formed in the interior of the earth
electrode pattern or connected to the coil electrode
patterns . The predetermined passing band frequency
can be obtained by adjusting the band-pass filter whose
passing band frequency is initially shifted from a desired
predetermined value. Accordingly, the production of

inferior devices can be reduced when the band-pass
filter 1s produced.
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In these respects, the invention has an effect of pro-
viding a very excellent small-sized band-pass filter
whose nsertion loss is small and input/output imped-
ances and the passing band frequency can be adjusted
optionally. 5

It will be apparent from the foregoing that, while the -
present invention has been described in detail and illus-
trated, these are only particular illustrations and exam-
ples and the invention is not limited to those . The spirit
and scope of the invention is limited only by the ap- 10
pended claims.

What 1is claimed is:

1. A band-pass filter comprising:

at least three first electrodes formed in a loop shape
and disposed so as to be magnetically coupled with 15
each other;

a second electrode formed in a plane shape and op-
posed to said first electrodes, with a plate compris-
ing a dielectric material being disposed between
said first electrodes and said second electrode, said 20
plate having two ends;

a respective first earth terminal being drawn out from
each of said first electrodes toward a selected edge
of said plate;

a pawr of imput/output terminals being drawn out 25
respectively from a pair of said first electrodes
which are disposed toward said first electrodes
which are disposed toward said ends of said plate,
each said input/output terminal being formed at a
distance from the corresponding earth terminal of 30
the respective first electrode so as to provide a
predetermined impedance with respect to said
earth terminal; and

at least one second earth terminal being drawn out
from said second electrode toward said selected 35
edge of said plate.

2. A band-pass filter comprising:

at least three first electrodes formed in a loop shape
and disposed so as to be magnetically coupled with
each other; 40

a pair of second electrodes each formed in a plane
shape and opposite said first electrodes, a pair of
respective plates each defining a plurality of edges
including two ends and comprising a dielectric
material being disposed between said first elec- 45
trodes and each of said second electrodes;

a respective first earth terminal being drawn out from
each of said first electrodes toward a selected edge
defined by said plates;

a pair of input/output terminals being drawn out 50
from each of said first electrodes toward a selected
edge defined by said plates:

a pair of input/output terminals being drawn out
respectively from a pair of said first electrodes
which are disposed toward said ends of said plates, 55
each said input/output terminal being formed at a
distance from the corresponding earth terminal of
the respective first electrode so as to provide a
predetermined impedance with respect to said
earth terminal; and 60

at least one second earth terminal being drawn out
respectively from each of said second electrodes
toward said selected edge defined by said plates.

3. A band-pass filter according to claim 2, wherein at
least one of said pair of second electrodes is divided into 65
three or more sections which have a similar shape
which is larger than that of said first electrodes, and
respective said second earth terminals are drawn out
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respectively from the sections of the second electrode
toward said selected edge of said plates.

4. A band-pass filter according to claim 2, wherein
between said first electrodes and at least one of said pair
of second electrodes, third electrodes are formed, each
having a similar shape to that of a respective one of said
first electrodes.

5. A band-pass filter according to claim 3, wherein
between said first electrodes and at least one of said pair
of second electrodes, third electrodes are formed, each
having a similar shape to that of a respective one of said
first electrodes,

6. A band-pass filter according to claim 2, further
comprising trimming electrodes having a loop shape
which are spaced a distance from one of said second
electrodes opposite said one of said second electrodes
by an additional plate comprising a dielectric material,
said additional plate being disposed between said trim-
ming electrodes and said one of said second electrodes,
said trimming electrodes being connected to said first
electrodes.

7. A band-pass filter according to claim 2, wherein a
plurality of trimming electrodes are formed in a strip
shape within at least one of said second electrodes and
connected to said one of said second electrodes.

8. A band-pass filter according to claim 6, wherein
said trimming electrodes each form a closed loop shape.

9. A band-pass filter according to claim 6, wherein
said trimming electrodes each form an interrupted loop
shape.

10. A band-pass filter comprising:

at least three first electrodes formed in a loop shape
and disposed so as to be magnetically coupled with
each other;

a second electrode formed in a plane shape and op-
posed to said first electrodes, with a plate compris-
ing a dielectric material being disposed between
said first electrodes and said second electrode, said
plate having two ends and a periphery:

a respective first earth terminal being drawn out from
each of said first electrodes toward said periphery
of said plate;

a pair of input/output terminals being drawn out
toward said periphery from a pair of said first elec-
trodes, said pair of first electrodes being disposed
toward said ends of said plate;

each said input/output terminal being formed at a
distance around said periphery from the corre-
sponding earth terminal of the respective first elec-
trode so as to provide a predetermined impedance
with respect to said earth terminal; and

at least one second earth terminal being drawn out
from said second electrode toward said periphery
of said plate.

11. A band-pass filter comprising:

at least three first electrodes formed in a loop shape
and disposed so as to be magnetically coupled with
each other:;

a pair of second electrodes each formed in a plane
shape and opposite said first electrodes, a pair of
respective plates each defining a periphery which
includes two ends and comprising a dielectric ma-
terial being disposed between said first electrodes
and each of said second electrodes;

a respective first earth terminal being drawn out from
each of said first electrodes toward said periphery
defined by said plates;
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a pair of input/output terminals being drawn out to provide a predetermined impedance with re-
toward said periphery from a pair of said first elec- spect to said earth terminal: and

trodes which are disposed toward said ends of said at least one second earth terminal being drawn out

plates: ) _

each said take-out terminal being formed at a distance 5 respectively from each of said second electrodes
around said periphery from the corresponding toward said periphery defined by said plates.
earth terminal of the respective first electrode so as ¥ *x % % &%

10

I5

20

23

30

35

45

50

35

65



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 5,351,020

DATED : September 27, 1994
INVENTOR(S) : Okamura et al. '

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below: On the title page:

Item [73] change

[73] Assignee: Myrata Manufacturing Co., Ltd.,
Japan

to

(73] Assignee: Murata Manufacturing Co., Ltd.,

Japan

Signed and Sealed this
Fourteenth Day of March, 1995

Puce lhmar

BRUCE LEHMAN

Altest:

Attesting Officer Commissioner of Patents and Trademarks



	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

